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Despite its name, canine distemper virus (CDV) is known to infect a variety of species in the order *Carnivora* ([@B1]). More recently, even nonhuman primates have been fatally infected with CDV, raising concern over potential human infection ([@B2]). Felids were thought to be mostly resistant to CDV until a series of fatal infections occurred in captive tigers, lions, leopards, and jaguars living in zoological parks in the United States ([@B3]). Then, in 1994, approximately one-third of the lion population in the Serengeti died or disappeared. Their deaths, as well as deaths in a variety of carnivores within the Serengeti ecosystem, were attributed to CDV ([@B4]). Since then, there have been cases or outbreaks in other populations of free-ranging felids, such as bobcat, Canada lynx, Eurasian lynx, the critically endangered Iberian lynx, and now Amur tigers ([@B5]--[@B8]). What causes this "spillover" into novel hosts has been an area of increasing research interest.

The signaling lymphocyte activation molecule (SLAM) is the common receptor used by morbilliviruses to gain entry into immune cells. Amino acid variations in both SLAM and the CDV hemagglutinin (HA) protein that binds SLAM are thought to be important in species specificity. Mutations, particularly at amino acid residues 530 and 549 of the HA protein, may account for variations in the infectivity and pathogenicity of different CDV strains in novel hosts ([@B9]). *In vitro* experiments using Vero cells that expressed lion SLAM had increased syncytia when exposed to CDV HA proteins with histidine at residue 549 (549H) compared to the results for exposure to CDV HA proteins with 549Y ([@B10]), suggesting that CDV strains that express 549H are more "generalist" pathogens. However, analysis of the CDV HA gene in CDV isolated from a wide variety of canids and noncanids indicated that strains isolated from the noncanids tested (including animals from the families *Felidae*, *Mustelidae*, *Ailuridae*, *Ursidae*, and *Procyonidae* within the order *Carnivora*) showed no particular bias to 549Y or 549H ([@B11]). A closer look at known pathogenic CDV strains from captive and wild felids, including those just described from the Amur tiger, demonstrate that both Y and H amino acids occur at this residue ([Fig. 1](#fig1){ref-type="fig"}). Similarly, there is no apparent association between the amino acid residue at another putative critical site, 530G/E, in strains affecting felids ([Fig. 1](#fig1){ref-type="fig"}). Despite variations from domestic dog SLAM at 5 of the 21 amino acid residues involved in viral binding, Vero cells expressing domestic cat SLAM demonstrated cytopathic effects and syncytia similar to those in cells expressing domestic dog SLAM when they were exposed to canid and mustelid Asia-1 strains and the Onderstepoort strain of CDV ([@B12]). Therefore, additional factors may be more important than SLAM or the H protein in determining the infectivity and pathogenicity of CDV strains in various hosts.

![Comparison of amino acid sequences from positions 510 to 597 of the hemagglutinin protein of canine distemper virus isolates from felids (accession numbers [JN812975](JN812975), [AB619774](AB619774), [JF810109](JF810109), [GU001863](GU001863), [Z47763](Z47763), [Z54166](Z54166), [Z54156](Z54156), [KC579363](KC579363), and [KC579362](KC579362)). Isolates from captive animals are denoted by \[C\], and the date in parentheses is the date of sampling. Variable residues are highlighted (gray), and sites 530G and 549Y, previously thought to be important for spillover into noncanid hosts, are highlighted yellow.](mbo0051316260001){#fig1}

CDV infection is not universally fatal in felids. There is serologic evidence of CDV infection in wild felids throughout their natural habitats worldwide, including in South America, where fatal cases have not (yet) been reported ([@B13]--[@B17]). Retrospective serosurveys of the Serengeti lion population identified multiple "silent" CDV epidemics that were not associated with mortalities, suggesting that CDV infection was not always fatal and was present in the ecosystem long before 1994 ([@B18]). After a second high-mortality outbreak occurred in the adjacent Ngorongoro Crater lion population in 2001, comparison of the 1994 and 2001 outbreaks led to the finding that hemoparasitism was a contributing mortality factor. The levels of the tick-borne hemoparasite *Babesia* correlated with mortality rates such that lion prides with the highest levels of *Babesia* suffered the highest mortalities (\>67%) ([@B18]). However, CDV infection has caused death in felids in the absence of coinfections, primarily due to interstitial pneumonia and encephalitis ([@B6], [@B8], [@B19]). The reasons for this apparent variation in pathogenicity are not known.

The question of how Amur tigers are exposed to CDV remains to be fully addressed. Because CDV spreads through aerosol droplets and contact with infected body fluids, predation is a possible means of infection for large felids. Tigers could be infected via exposure to unvaccinated domestic dogs, which are commonly implicated in wildlife CDV outbreaks. Habitat loss and poaching could lead to an increase in the number of human and dog incursions into tiger territories, but sick and old tigers, as well as individual tigers seeking new territories, are also known to trespass into human-dominated landscapes. It is possible that an increase in contact rates between wild and domestic carnivores could account for the emergence of CDV in tigers. However, CDV exposure has been noted in some felid populations that lack direct interaction with domestic dogs ([@B20]); hence, other mesocarnivores or peridomestic wild carnivores must also be considered a possible source of infection for apex predators.

Whether the virus can spread from tiger to tiger (e.g., point exposure and spread in the population) or if infection is more likely to occur from multiple spillover events in a spatial wave of multihost infection represents another unknown. The second hypothesis seems plausible due to the low number of endangered tigers, low contact rates between these territorial, solitary individuals, and the wide geographic and temporal distribution of cases ([@B8]). To disentangle these two hypotheses, one could use mathematical modeling approaches in combination with empirical data on the estimated densities, contact rates, CDV prevalence, and home ranges for tigers and conspecific carnivores in order to investigate challenging issues of CDV persistence and dynamics, as has been done in other ecosystems ([@B21], [@B22]). In regard to management strategies, if it turns out that a large multihost wild-carnivore community in the Russian Far East can maintain CDV, simply vaccinating domestic dogs will not protect endangered tigers from the threat of infection. Other options might include direct vaccination of tigers, but vaccinating secretive rare felids is no simple task either.

As researchers continue to search for molecular signatures and ecological factors that characterize fatal CDV infections in wild felids, all of the above begs the question: Has CDV "emerged" as a new pathogen for felids or have felids always been susceptible to CDV? Are the increased numbers of cases due to better detection methods or more-efficient monitoring of felids of conservation concern? For instance, a retrospective survey of captive-held large felids identified cases back to 1972, suggesting that CDV infection in cats was older and more widespread than previously thought ([@B23]). In contrast, serologic data from the Russian Far East suggest that Amur tigers lacked exposure to CDV prior to 2001, although the sample numbers were relatively small ([@B14]). Population monitoring of wild animals is challenging in general and even more challenging for the detection of illness or death due to disease. Hundreds of lions disappeared in the Serengeti ecosystem in the 1994 outbreak, but less than 1% of the population was either seen with signs or retrieved as carcasses. In the 2001 Ngorongoro Crater outbreak, 40% of the lion population disappeared, but scientists retrieved only 2 carcasses despite a dedicated lion research project and high tourist activity. The Crater is a much smaller and more open area than the Russian Far East, so on this score, the researchers studying the Amur tiger should be commended for their diligence in monitoring the population and extracting valuable information from the 5 carcasses presented in this study. Most felids are not as intensively monitored (nor as physically large) as the Amur tiger or Serengeti lion. It is easy to see how a solitary, elusive, and smaller wild felid could be infected from an unknown source, develop CDV, and die without detection. Irrespective of whether CDV in felids is a new phenomenon due to viral changes and changing ecological dynamics or whether it has been occurring all along, Seimon et al. ([@B8]) have shown that, once again, canine distemper virus is an important threat to the conservation of wild felids.
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